Barrett's esophagus is the substitution of squamous epithelium of the distal esophagus by columnar epithelium. Intestinal metaplasia in Barrett's esophagus is considered to be the main risk factor for the development of adenocarcinoma. Diffuse adenocarcinoma and Barrett's esophagus without intestinal metaplasia are rare, and reports on the subject are scarce.
Currently, Barrett's esophagus is defined as the presence of columnar epithelium in the esophagus with intestinal metaplasia [2] [3] [4] [5] [6] Other investigators consider Barrett´s esophagus to be just the substitution of the stratified epithelium in the distal esophagus by columnar epithelium, either gastric (junctional) or intestinal. 1, [7] [8] [9] The columnar epithelium with intestinal metaplasia is more frequently seen than the gastric type. 10 Macroscopically, Barrett´s esophagus is classified as long when it presents a segment of columnar epithelium longer than 3 cm, and short when it is shorter than 3 cm. 10, 11, 12 In some specimens of esophagectomy for adenocarcinoma in Barrett´s esophagus (ABE), the adjacent columnar epithelium frequently presents with intestinal metaplasia with a dysplastic alteration. 2 However, others present with a gastric epithelium type adjacent to the tumor. [13] [14] [15] Despite those findings, by the end of 1980s, intestinal metaplasia was specifically defined as a predictive factor for development of ABE, 2, 6, [17] [18] [19] [20] [21] [22] [23] and the presence of gastric columnar epithelium in the distal esophagus was not associated with adenocarcinoma development. 24, 25 However, some reports mention adenocarcinomas growing in Barrett´s esophagus without intestinal metaplasia in columnar epithelium. 16, 26, 27 Another risk factor for adenocarcinoma development is the extent of the columnar epithelium in the esophagus, 6, 18, 28 being more frequent in Barrett´s esophagus with segments longer than 4 cm. 7, 25, 26, 29 The most used classification of ABE is the Lauren´s classification of gastric tumors, 30 which divides neoplasia into diffuse and intestinal according to the microscopic morphology shown by the tumors. There are other detailed classifications, such as Nakamura´s, 31 which classifies gastric adenocarcinomas into differentiated and undifferentiated types. The first originates from gastric intestinal metaplasia and the latter from the gastric mucosa itself.
The progression of columnar epithelium to dysplastic and to adenocarcinoma has been studied in the last decade with genetic and immunohistochemical (IHC) markers, [33] [34] [35] aiming to identify some marker that could predict evolution of Barrett´s esophagus to adenocarcinoma. 28 Studies of p53 in Barrett´s esophagus show high positive expression rates of IHC markers in patients with high degrees of dysplasia and adenocarcinoma, and rare expression in normal mucosae or in esophagitis. 36, 37, 38 Cell proliferation has been reported to be one of the first steps in the development of ABE, and it can be induced by chronic cell damage caused by gastroesophageal reflux. The IHC-identified expression of Ki67 in Barrett´s esophagus has been studied to evaluate the increased cell proliferation, 40 which was found to be enhanced only in ABE and in high-degree dysplasia, less expressed in low-degree dysplasia and Barrett´s esophagus without dysplasia. 41 Since this is a simple exam that can be performed in most large centers, the study of the association of Ki67 and p53 has been employed with the purpose of trying to define intermediate biological markers in ABE development through dysplasia, as well as to differentiate dysplasia from adenocarcinoma. The expression of Ki67 and p53 together has already been studied. The presence of those markers in Barrett´s esophagus, both in the dysplastic epithelium and in ABE, has not yet been standardized, and there is great variation in the results. The study of IHC reactions to correlate adenocarcinoma with adjacent columnar epithelium has not yet been accomplished.
The objective of this study was to estimate the prevalence of adenocarcinoma in patients with Barrett´s esophagus, to evaluate the extension of the columnar epithelium and the extension and location of the adenocarcinomas; to identify the different histological types of tumor growth in Barrett´s esophagus and to correlate them to the histological type of the adjacent columnar epithelium, and to analyze, using IHC tests, expression of p53 and Ki67 in both the tumor and the adjacent columnar epithelium.
MATERIALS AND METHODS
From January 1990 to June 2002, the medical records of a total of 297 patients with Barrett´s esophagus, hospitalized at the Department of Gastroenterology of the Faculty of Medicine, University of São Paulo, were retrospectively analyzed. Adenocarcinoma was evidenced in 17 patients, with a prevalence of 5.7% of ABE.
Gastric fundus and cardia tumors invading the esophagus were excluded. From the 17 patients, 3 presented with advanced neoplasia and underwent palliative treatment without tumor resection. One patient underwent argon plasmatic ablation of the columnar epithelium, including the tumor, which was not identified in the histopathological study of the resected esophagus. The remaining 13 patients underwent esophageal resection and were the main focus of this study. This sample comprised 11 men (84.6%) and 2 women (15.4%), a 5.5:1 ratio. Twelve (92.3%) were white, with ages ranging from 40 to 75 years (mean 60.75 ± SD = 9.88).
Histopathological study
The resected esophagus was opened longitudinally, photographed, stretched onto a plain plastic or cardboard surface, and kept in a 10% formol solution for 1 to 4 days. After this period, the tissue was photographed again and the columnar epithelium and tumor lengths were measured. The distances from the distal limit of the tumor to the gastroesophageal junction (Dist. Tu-GEJ) and from the proximal limit of the tumor to the columnar-squamous transition (Dist. Tu-Tepit) were assessed.
Paraffin blocks containing fragments of tumor and adjacent epithelia were sectioned, stained with hematoxylineosin (H&E), and prepared for histological analysis by light microscopy.
The histological type of the columnar epithelium adjacent to the tumor was classified into (i) fundic, consisting of parietal and main cells; (ii) gastric (pyloric or cardiac), consisting of mucous glands without parietal cells; (iii) intestinal, with a villiform surface with crypts and goblet cells (specialized columnar epithelium); and (iv) mixed, which could be associated with more than one type of epithelium. Tumors were classified according to Laurén 30 and 32 (Table 1) .
Immunohistochemical study
The expression of p53 and Ki67 antigens was revealed by immunohistochemical (IHC) tests of adenocarcinomas and adjacent columnar epithelia. Biological material from the columnar epithelium and adjacent adenocarcinoma of 9 and 12 patients, respectively, was recovered in paraffin for the IHC tests that were performed using Banks´ technique 42 . After this reaction, the catalyzed antibody generated a brown color expressed in the cellular nuclei when the antigen that was the subject of analysis was present. The expression of the IHC reaction was analyzed in the most red-stained areas, when present, and quantitatively classified as negative (-) (no nuclei expression); minimal (+) (nuclei expression up to 5 cells per gland, or discretely (< 33% of nuclei expression of the total area) in undifferentiated neoplasias); moderate (++) (nuclei expression from 5 to 10 cells per gland, or (between 33% and 66% of nuclei expression of total area) in undifferentiated neoplasias); and maximal (+++) (nuclei expression above 10 cells per gland, or intensely (> 66% of nuclei expression of total area) in undifferentiated neoplasias).
Histopathological Results
Measurements obtained from each resected esophagus are shown in Table 2 . Columnar epithelium length ranged from 3.5 to 16.0 cm (mean 7.71 cm, SD = 3.33). Tumor length ranged from 1.5 to 7.4 cm (mean 4.67 cm, SD = 2.28). All the adenocarcinomas developed in cases of Barrett´s esophagus segments longer than 3.0 cm, and were more frequent in the longest ones (>6.0 cm). Distances from the distal limit of the tumor to the gastroesophageal junction (Dist. Tu-GEJ) ranged from tumors located in the GEJ (5 patients -38.5%) to tumors located 14 cm away from the GEJ (mean 2.07 cm) ( Figure 1 ). Distances from the proxi- Dist. Tu-GEJ = Distance from distal limit of the tumor to the gastroesophageal junction. Dist. Tu-Tepit = Distance from the proximal limit of the tumor to the epithelium (columnar-squamous) transition.
mal limit of the tumors and the columnar-squamous transition (Dist. Tu-Tepit) ranged from tumors reaching the epithelium transition (Tepit) to some 3.5 cm away from Tepit (mean 1.30 cm). Eight tumors (61.5%) were located less than 1.0 cm from Tepit. Histopathological classifications of adenocarcinomas and their adjacent columnar epithelia are presented in Table 3. Two patients (15.4%) did not have intestinal metaplasia in epithelium adjacent to the adenocarcinoma but rather had gastric columnar epithelium (Figure 2 ). Two patients (15.4%) had only intestinal metaplasia epithelium beside the tumor; and 9 (69.2%) had both intestinal metaplasia and gastric epithelium adjacent to the adenocarcinoma (one predominately intestinal and 8 predominantly the gastric type).
According to the Laurén´s classification, 8 patients (61%) presented with intestinal and 5 (39%) with diffuse type tumors. Following the BPA classification, 10 patients presented with adenocarcinoma of the gastric pattern (77%) and 3 (23%) of the intestinal pattern. Three (23%) of the gastric pattern tumors were tubulo-papilliferous (foveolar structure) (Figure 3 ), 2 (15%) were microtubular, and 5 (39%) were poorly differentiated. One of the intestinal pattern was well differentiated (8%), and 2 were mildly differentiated (15%). The gastric pattern tumors classified as microtubular and tubulo-papilliferous with foveolar structure, following the BPA classification, were defined as intestinal pattern when analyzed by Laurén´s classification (Figure 4) . However, when the adjacent epithelium of these patients was studied, no intestinal metaplasia epithelium was seen in 2 of them.
Immunohistochemical results
The results of the immunohistochemical (IHC) analysis are listed in Table 4 . The tests for Ki67 were moderately or strongly positive in all 13 patients for both the columnar epithelia and the adenocarcinomas.
Regarding the IHC reaction for p53 in the columnar epithelium adjacent to the tumor, we tested tissue from 9 patients. The IHC reaction to p53 was absent in 6 patients (66.7%), minimal in 1 (11.1%), mild in 1 (11.1%), and maximal in another 1 (11.1%). Regarding the IHC reaction for p53 in the adenocarcinoma, we tested tissue from 12 patients. Reactions to p53 were absent in 5 patients (41.7%), minimal in 1 (8.3%), and maximal in 6 (50%). Three patients expressed p53 in the tumor but not in the adjacent columnar epithelium. Three patients expressed p53 in both tumor and columnar epithelium.
There was no clear relationship between the IHC reaction for p53 in columnar epithelia and adjacent adenocarcinomas for any combination of tissue types (Tables 3 and  4) . In 3 patients with mixed columnar epithelium having gastric or intestinal metaplasia, reaction to p53 in the epi- thelium was negative but was positive in the adjacent tumor. Conversely, 2 patients that had positive p53 tests in their tumors also had positive p53 tests in the adjacent columnar epithelium. In the 2 patients with gastric type columnar epithelium, tests for p53 in their tumors were positive, but in the columnar epithelium, 1 tested positive and 1 negative for p53. Four patients having diffuse or intestinal type tumors and mixed columnar epithelium had negative tests for p53 for both tumor and epithelial tissue.
One patient who presented with mixed columnar epithelium with gastric and intestinal metaplasia had p53 expressed just in gastric cells and never in goblet cells. In this patient, the tumor was classified as a gastric pattern by BPA (poorly differentiated) and diffuse by Laurén's classification, with p53 expression in some areas of the tumor lamina. This kind of expression suggests that the adenocarcinoma developed from gastric type epithelium, without intestinal metaplasia.
DISCUSSION
Prevalence of ABE has been decreasing in the last 2 decades in our service, as well as in other services. 44, 45 In our hospital, the prevalence decreased from 16% in 1987 45 to 5.7% in this study. This reduction might be explained by the higher number of endoscopic examinations presently performed in patients with fewer symptoms, thus increasing the diagnosis of Barrett´s esophagus without adenocarcinoma 46 and decreasing the prevalence rate. Short Barrett´s esophagus segments can be a risk factor for development of adenocarcinoma, but this is not well documented because many previous studies excluded patients with short Barrett´s esophagus segments from followup. 15, 20 Some authors describe a lower prevalence of adenocarcinoma associated with short Barrett´s esophagus segments, since the risk area for developing a malignancy (columnar epithelium) is smaller. 3 In this study, however, an adenocarcinoma developed only in cases of long Barrett´s esophagus segments (mean 7.71 cm). This finding had previously been observed in our service, with a mean Barrett´s esophagus segment length of 9.7 cm for patients developing adenocarcinoma. 29 The location of ABE seems to correlate with the length of the columnar epithelium. Nearly one third of patients had the tumor distally next to the GEJ, and another one extended past it. In other patients, the tumor was up to 14 cm away from the GEJ, which correlates with lengthier columnar epithelia. Tumors tended to be located next to the squamous-columnar transition, and the mean distance to the latter was 1.3 cm. The same was observed in 13 patients with precocious adenocarcinoma. These findings suggest that this area should be specifically targeted during ABE follow up, with endoscopic biopsies. 26 Nakamura et al. performed detailed study of gastric mucosa microcarcinomas and described the histogenesis of adenocarcinoma. 31 They examined stomach resections performed because of benign diseases and identified tumors less than 2 mm and between 2 and 5 mm in length. The results confirmed that mucocellular adenocarcinoma developed from the gastric mucosa itself, and tubular adenocarcinoma from atrophic mucosa with intestinal metaplasia. Next, when they studied tumors greater than 6 mm, they found the same relationship of the tumor with the adjacent columnar epithelium. With statistical analysis they proved that gastric or undifferentiated adenocarcinomas were related to gastric mucosa (with pyloric or fundic glands), while the intestinal pattern or differentiated adenocarcinomas were related to the presence of intestinal metaplasia. 31 This description of the histogenesis agrees with our findings, since by the BPA classification, the ABE pattern showed a direct relationship with the adjacent columnar type, independent of the presence of intestinal metaplasia.
Laurén's classification identified more intestinal adenocarcinomas (61%) than the BPA classification (23%). This occurred because there was a migration factor, with tumors classified as gastric pattern in the BPA classification (tubular or tubulo-papilliferous with foveolar structure and microtubular adenocarcinomas) migrating to intestinal types in Laurén's classification. In the latter, the histogenesis of tumors is not taken into consideration, but rather only their morphological aspects. The BPA classification, modified from Nakamura, considers both the histogenetic and the morphological aspects. Thus, adenocarcinomas are considered to develop from gastric glandular epithelia and present tubular structure and foveolar or microtubular morphology.
Most pathologists classify ABE according to morphological classifications; therefore, the microtubular and foveolar structure adenocarcinomas are more frequently classified as intestinal adenocarcinomas, and this explains their high incidence rates in the international literature. 9, 10, 23, 26 However, undifferentiated or gastric (signet ring cells and mucocellular) adenocarcinomas have been described by some authors, with lower incidence. 9, 21, 23 These tumors can originate from gastric metaplasia that is also present in the specialized epithelium of Barrett´s esophagus.
The cell proliferation index, as revealed by IHC tests for Ki67 and possible genetic mutations (p53 gene and others), have been extensively reported in the literature, with the aim of identifying the evolution of Barrett´s esophagus to adenocarcinoma. 41, 43, 44 The relationship of the adenocarcinoma with its adjacent columnar epithelium had not been studied.
We observed extensive expression of Ki67 in our material, showing a high cell proliferation index, both in the tumors and in the columnar epithelia. Other authors have reported lower expression of Ki67 (14%) in patients with Barrett´s esophagus without adenocarcinoma, and higher (87%) in patients with ABE. 44 Halm et al. found higher expression of Ki67 in Barrett´s esophagus with intestinal metaplasia compared with Barrett´s esophagus with gastric metaplasia, and rates were even higher in ABE. 41 We did not observe any differences between Ki67 expression in different columnar epithelial metaplasias. Probably, the extensive Ki67 expression in both tumors and columnar epithelium could be explained by the fact that both tissue types were removed from patients who had already developed ABE.
We found low p53 expression, just 33% in adjacent epithelia, and 58% in adenocarcinomas. This could be a sign of normal protein accumulation in the cell nuclei, without confirmed genetic mutation. Other authors describe p53 expression ranging from 60.9% to 65% in invading carcinomas. 46, 48 The p53 gene function may be inactivated by other mechanisms without a direct relationship to genetic mutation. On the other hand, some mutations observed in molecular biology do not yield positive expression of p53 in IHC studies. 27, 49, 50 Expression of p53 in adenocarcinoma and adjacent columnar epithelium was not correlated in our study. Three patients with positive tumor expression of p53 did not express this in the adjacent epithelium, and we did not observe any quantitative evolution in p53 expression when adjacent columnar epithelium and adenocarcinoma were compared.
Molecular events such as mutations, allelic loss, genomic instability, and genetic methylations do not occur systematically, which makes a standard molecular development of ABE difficult to find.
The p53 expression in one patient in our study (# 12) suggests that the epithelial origin of the tumor was in a gastric cell without intestinal metaplasia; however, it is only one case, and further studies should be conducted to correlate the histogenesis of the tumors and genetic markers.
CONCLUSION
Currently, anatomopathological aspects are still the best biological indicators for Barrett´s esophagus follow-up with the purpose of obtaining early diagnosis of ABE. The most important area to search for precocious adenocarcinoma during endoscopic examination is the transitional region between squamous and columnar epithelium. Segments of Barrett´s esophagus longer than 3 cm should be a red flag for increased risk for development of adenocarcinoma and indicate the need for close follow-up.
Adenocarcinoma does not always develop over intestinal metaplasia epithelium (2 patients, 15.4%, did not present with intestinal metaplasia). The presence of intestinal metaplasia does not mean that this epithelium will originate a tumor. According to Nakamura, an adenocarcinoma can develop from gastric cells (foveolars). Barrett's esophagus is a columnar epithelium that can be modified, just as the gastric mucosa can, and it can originate any type of adenocarcinoma.
We conclude that follow-up in cases of long Barrett´s esophagus segments (more than 3 cm) is important and should be performed in all patients, independent of the type of columnar epithelium, with or without intestinal metaplasia, as revealed by endoscopic biopsy. 
RESUMO

